l~k/r first reported m 1897 by Stlrhng, have in 9 9 l general been difficult lesions to treat. Mortality rates as high as 20% to 67% have not uncommonly been reported, 3"1~ and the lack of postoperative improvement in vision has often been disappointingJ , 8 The size of these tumors, their close proximity to the optic apparatus and major vessels, and their vascularity and usually hard consistency have made them a considerable technical challenge for the neurosurgeon. We have evaluated our own personal experience with these lesions to assess what effect, if any, tumor size, duration of symptoms, and use of microsurgery had on surgical outcome.
Clinical Material and Methods

Patient Population
Over the past 35 years (January, 1948 , to March, 1983 , 940 patients have undergone treatment for intracranial meningiomas in our unit. The records of these patients were examined and cases with suprasellar tumors were selected for review. Only cases with tumor arising from the tuberculum sellae, planum sphenoidale, diaphragma sellae, and/or anterior clinoid processes were considered. Tumors arising lateral to the anterior clinoid processes or from the olfactory grooves with secondary extension to the suprasellar area were excluded from this series. In all, 101 consecutive cases of suprasellar meningioma were assembled, representing a fairly characteristic and homogeneous group of patients. All patients underwent craniotomy performed either by the senior author (L.S.) or by Professor Valentine Logue.
Of the 101 patients, 68 (67.3%) were female and 33 (32.7 %) were male. The youngest patient was a 20-yearold woman and the oldest was a 74-year-old woman. Figure 1 shows the age and sex distribution in this group of patients. Most patients were between 40 and 60 years of age, and females predominated in all age groups.
Symptoms on Admission
The most common complaint on admission to the hospital was that of visual failure, which was seen in all but one patient (Table 1 ). In 42 patients this was the only symptom. The one patient with no complaints of visual failure was found to have a severe degree of visual loss on ophthalmological examination. In most patients, visual loss was insidious in onset and steadily progressive whereas, in a few, vision deteriorated more acutely. One patient developed transient blindness during pregnancy with eventual partial recovery, but later deteriorated again. Two patients noted sudden monocular blindness upon closing the contralateral eye. Prior to that moment they had no notion of any problem with their vision. The duration of visual symptoms ranged from 2 months to 30 years (average 3.1 years).
Headache was the next most common symptom, being present in 46 cases. The location of headaches is shown in Table 2 . Frontal headaches were most common and were seen in 54% of cases with headache. Hemicranial pain was noted in six cases and retroorbital pain in five cases. Four patients complained of generalized headache and two each of temporal and parietal headache. In 17 cases, pain was ipsilateral to the first symptomatic eye, in two cases contralateral to L. Symon and J. Rosenstein 8  9  hemicranial  6  3  1  --2  retro-orbital  5  5 -
------2 * In relation to the symptomatic eye. t The only patient with binocular visual loss to have a lateralized headache. In this case it was lateralized to the side of the first symptomatic eye.
it, and in 13 cases bilateral pain was noted. In the remaining 14 patients the side of pain was not specified.
Mental changes were a feature in 10 cases. Three patients complained of memory impairment, two of depression and anxiety, and three of personality changes. One 73-year-old patient suffered from a longstanding dementia and presented with progressive failure of vision, while another patient developed gross dementia 6 months following the onset of visual symptoms. Motor deficits were noted in four cases, of which three were a direct result of angiography performed at outside institutions prior to admission to our unit. In only one patient did a mild hemiparesis develop 14 months following the onset of visual symptoms.
Four patients complained of hyposmia, and three suffered from epilepsy. Of the patients with epilepsy, one had a long-standing posttraumatic seizure disorder, whereas in the remaining two cases epilepsy was a new symptom which developed 9 89 years following the onset of visual symptoms in one case and 1 year after the onset of disturbance of vision in the other. Endocrine dysfunction was recorded in only two patients; in one decreased libido and lack of energy were noted 6 months after the onset of visual complaints, while in the other amenorrhea/galactorrhea developed 2 years after the onset of visual symptoms.
Loss of vision was the most common initial complaint and was noted as a first symptom in 75 cases. In six cases, headache and loss of vision commenced simultaneously, while headache was an initial complaint in only 14 cases. Mental change was an uncommon presenting complaint and was seen as the first symptom in only three cases. Hyposmia, eye pain, and flashes of light in the visual field were even rarer initial symptoms and were noted in one case each (Table 3) . In patients with headache as a first complaint, visual symptoms generally developed an average of 6.3 years following the onset of headache (range 2 months to 14 years). Headache as a second symptom usually developed an average of 2.7 years (range 5 weeks to 10 years) following the onset of visual symptoms. Analysis of the duration of visual disturbance revealed that 62% of the cases were diagnosed within 2 years of the onset of visual complaints, and 20% between 2 years and 5 years. In as many as 18%, diagnosis was delayed for more than 5 years.
Signs on Admission
All 101 patients had abnormal ophthalmological examinations (Table 4) . Visual field defects were noted in all patients and were symmetrical in both eyes in only 22 cases (21.8%). In the remaining 79 cases, either asymmetrical binocular field defects were detected or only one eye was involved. Visual acuity was diminished in 100 cases. All patients presenting with binocular symptoms were found to have binocular visual loss on examination. Of 5 5 cases presenting with monocular complaints, 23 were found to have involvement of the contralateral eye as well.
Other signs on admission are shown in Table 4 . Optic atrophy was present in 81 of 95 patients whose funduscopic findings were recorded, while the other 14 patients had normal optic discs. Hyposmia, a subjective complaint in only four patients, was found on careful examination in 24 cases, being present unilaterally in 12 cases and bilaterally in the remaining 12. In only three of 12 cases with unilateral hyposmia was the deficit complete, as compared to 10 of 12 cases with bilateral hyposmia.
Pyramidal findings were noted in nine cases, of which three were related to angiographic complications. In the remaining six cases, three patients were found to have a drift of the elevated arm, two a positive Babinski sign, and one a mild hemiparesis. Mental status abnormalities were seen in nine cases and consisted of dementia in five, inappropriate affect in two, poor memory in one, and excessive irritability in one. Papilledema was found in four cases, and two patients had the FosterKennedy syndrome.
Diagnostic Investigations
The majority of our patients underwent endocrinological assessment. Except for the one patient with amenorrhea/galactorrhea, no evidence of hypopituitarism was found on examination in any of the remaining 100 patients. Only three patients showed laboratory evidence of hypothyroidism, while one patient was deficient in both thyroid hormone and cortisol concentrations. Of these four cases, two were found at craniotomy to have sellar involvement.
The sensitivity of the various radiological methods is shown in Table 5 . Skull roentgenograms were evaluated 
Right: Scan following intravenous contrast administration
showing a strongly enhanced suprasellar mass.
in 93 cases and abnormalities were detected in 56 (60%). Hyperostotic changes were noted in 44 cases, erosion of the dorsum sellae in 16, and erosion of the planum sphenoidale in three. Suprasellar calcifications were present in eight cases, while three cases showed enlargement of the sella turcica.
Computerized tomography (CT) scanning both with and without contrast material was performed in 46 cases. In 40 cases (87%) an isodense or slightly hyperdense mass was detected in the suprasellar area which strongly enhanced on administration of contrast medium (Fig. 2 ). Calcifications were seen in only two cases, and hydrocephalus was present in one case. In one patient, a second meningioma was revealed arising over 
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the convexity. Of the six cases with normal CT scans, all were studied on first-generation machines. Isotope brain scanning was carried out in 34 cases and was abnormal in 23 (68%).
Air encephalography was performed in 74 cases and revealed abnormalities in 72 (97%). A suprasellar mass was detected in 52 cases, while indentation or displacement of the anterior third ventricle was present in 46 cases (Fig. 3) . Encroachment into the interpeduncular cistern was seen in 11 cases and into the chiasmatic cistern in 10 cases. Frontal horn displacement was noted in five cases and hydrocephalus in four cases. Most cases had a combination of the mentioned findings.
Angiography was carried out in 93 cases and abnormalities were noted in 89 (96%). Arterial displacement was the most common finding, being present in nearly all of the abnormal studies. The anterior cerebral complex was most commonly involved, followed by the internal carotid arteries. The middle cerebral artery was involved in only two cases and the basilar artery in one. A tumor blush was present in 27 cases and an aneurysm in one case (Fig. 4) .
Operative Management
Several days prior to surgery most patients were begun on a course of dexamethasone, 4 mg every 6 hours, and phenytoin, 100 mg three times daily. Surgery was carried out under general endotracheal anesthesia with controlled respiration, and the patients were hyperventilated to allow for maximum brain relaxation. Hypotensive technique and slight head-up tilt were used to minimize bleeding and reduce intracranial tension. In earlier days, loupes were used for magnification, while over the last 8 years the operating microscope has been used almost exclusively.
A frontal osteoplastic bone flap was used in 96 cases: unilateral in 92 cases and bifrontal in four cases; in the remaining five cases a frontotemporal flap was used. In order to avoid excessive frontal lobe retraction in cases with large tumors, a wedge resection of the inferomesial portion of the anterior frontal lobe was performed in 17 cases. The olfactory tract was divided behind the olfactory bulb in 58 cases. This was done to prevent troublesome bleeding from the cribiform plate in the event that the olfactory bulb became avulsed from its bed at some time during the operation. The olfactory tract was then followed back t o t h e point at which it crosses the lesser sphenoid wing, and it was here that the tumor was usually encountered and the optic nerve identified. However displaced the optic nerve was, its point of entry into the optic canal was always close to the crossing of the sphenoid wing by the olfactory tract.
These tumors were generally firm in consistency, and they tended to be vascular. Small tumors were removed with sharp dissection in a piecemeal fashion using bipolar coagulation whenever working near the optic nerves or chiasm. Large tumors were first exenterated from within using suction, small loops, or fragmenta-tion with a hook or small rongeurs. Once the tumor was adequately debulked and the capsule sufficiently thinned to become easily mobile, the tumor was carefully dissected away from the optic nerves, chiasm, and regional blood vessels.
The dural attachment was excised in 13 cases and heavily coagulated in the remaining 88 cases. The tumor was attached to the tuberculum sellae in 97 cases, and in 33 cases this was the sole attachment noted. Twenty patients had tumor attachment to the planum sphenoidale and also to the tuberculum sellae posteriorly. The diaphragma sellae was involved in 27 cases, and in two cases this was the sole attachment. The anterior clinoid processes were involved in 21 cases, and in two of these cases this was the sole attachment noted.
Postoperatively, the patients were closely monitored both neurologically and in terms of fluid balance. Urine volume and specific gravity were carefully noted. Serum electrolytes (and in recent years, osmolality) were recorded daily and patients were carefully observed for signs of diabetes insipidus or inappropriate secretion of antidiuretic hormone (SIADH). Dexamethasone was usually tapered over several days, while phenytoin was continued for 1 to 2 years postoperatively and then tapered slowly if the patient remained seizure-free. Patients with suspected pituitary insufficiency were maintained on cortisone at physiological doses, while their hypothalamic pituitary axis was studied by our colleagues in endocrinology.
Results
Extent of Tumor Removal
Total excision was achieved in 79 cases, and only partial tumor resection with optic nerve decompression was possible in 22 cases. In 14 cases, overwhelming optic nerve involvement and/or severe vascular involvement precluded total excision for fear of damaging these important structures. Cavernous sinus invasion (four cases), sellar involvement (three cases), clival involvement (four cases), orbital invasion (one case), and sphenoid sinus invasion (one case) in various combinations prevented complete tumor removal in the remaining patients. In two of five cases with sellar involvement, complete excision was still possible.
Mortality Rate
There were six deaths during the first 60 postoperative days, for a 5.9% mortality rate. Two patients died on the 3rd postoperative day; one from "hypothalamic failure" and the other from pulmonary complications resulting from an episode of aspiration during extubation. Two patients died on the 14th postoperative day; one from a pulmonary embolus and the other from uncontrollable diabetes insipidus (early in the series). One patient died 5 weeks postoperatively as a result of a subdural hematoma following anticoagulant therapy for deep venous thrombosis. The sixth patient succumbed to multilobar pneumonia while still in the hospital 2 months following surgery. Therefore, two deaths can be directly related to the surgery, while the remaining four deaths can be attributed to well recognized medical complications while bearing in mind that the poor neurological condition of the patient may also have been contributory.
Morbidity Rate
Morbidity following surgery was common, although in the majority of cases it was minor in nature. Table  6 lists the complications, both major and minor, for the series. All complications, no matter how minor, are included and range from drug rash to postoperative intracranial hemorrhage. Some patients had several complications and therefore the number of patients experiencing complications is actually lower than the numbers shown in the table, since these represent individual episodes of morbidity and not individual patients. Diabetes insipidus was seen in 15 cases but was permanent in only five cases. Complete anosmia was present in 15 cases, and epilepsy of late onset was seen in 11 cases. Early postoperative seizures (in the 1st postoperative week) were noted in six cases; one of these patients went on to develop a chronic seizure disorder. A confusional state developed in eight patients, being transient in four and permanent in four. Cerebrospinal fluid leak developed in four cases, but in only one case was operative repair required; in the remaining three cases the leak stopped spontaneously. Postoperative intracranial hemorrhage occurred in three cases while permanent motor weakness was noted in only one case. 
General Outcome
It was possible to evaluate overall outcome (excluding vision) in 95 cases surviving the first 2 months. Six patients (6.3%) were considered to have had a poor outcome and were discharged from the hospital to a chronic care facility. One of these patients died 6 months following discharge from bronchopneumonia, and the remainder continued to require nursing care. Two patients (2.1%) were judged to have had a fair outcome and were discharged to their homes with a moderate neurological deficit, but were still able to maintain their independence. Good results were seen in 20 patients (21.1%). These patients had a minimal deficit, such as a cranial nerve palsy or at least one postoperative seizure, during their follow-up period. All returned to their normal way of life. In the majority of cases (70.5%) an excellent outcome was noted since no deficit whatsoever was present and all patients returned to their usual life style.
Visual Outcome
Visual function was improved in 63 cases (63.6%), unchanged in 12 cases (12.2%), and worsened in 24 cases (24.2%). Vision usually improved rapidly within the first 2 weeks after surgery and continued to improve at a slower rate for another 6 months. Visual improvement more than 1 year following surgery was rare. A detailed analysis of factors affecting visual prognosis is the topic of the accompanying paper.~7
Follow-Up Data
Of 95 cases surviving the surgery, four were lost to the follow-up review within 6 months of operation. The remaining 91 cases were followed regularly either in the clinic, and/or by letter for an average of 8.7 years (range 6 months to 22 years). Recurrence was noted in seven of 21 cases with partial resection (33.3%), and in only one of 70 cases with apparent complete excision (1.4%). Tumors recurred an average of 3.7 years following craniotomy, with a range of 2 to 5 years. Three patients died of their recurrence, one shortly after the onset of recurrent symptoms, one 7 years later, and the other 9 years following recurrence. Three patients developed gross dementia and worsening vision, and are still alive 4, 5, and 10 years following detection of recurrence. Only two patients with recurrence are in relatively good condition and are alive 3 and 5 years following the onset of recurrence with a loss of vision of 20% and 45 %, respectively.
Two patients had a second craniotomy for recurrence; vision was worsened in one and unchanged in the other. In neither case was total removal accomplished. One patient had radiation therapy to his tumor following the second operation, with no obvious effect.
Four of 21 patients with partial tumor excision received radiation therapy following their first craniotomy. Recurrence occurred in two of these cases, one 2 years postoperatively and the other 5 years following surgery. The other 2 cases remain disease-free, one at 2 years and the other at 18 years after surgery.
Effect of Tumor Size and Duration of Symptoms on Outcome
The effect of tumor size and duration of symptoms on overall outcome was analyzed. Patients were divided into either a large-or a small-tumor group (> 3 cm and ~< 3 cm, respectively), as well as into a short-or a longduration group (~< 2 years and > 2 years, respectively). The influence of these variables on outcome is shown in Table 7 . Operative mortality was affected by both duration of symptoms and tumor size. Patients with a long duration of symptoms had a mortality rate 1.7 times as high as patients with symptoms of less than 2 years duration (8.1% and 4.8 %, respectively). The effect of tumor size was similar, with an operative mortality of 4.4% in the small-tumor group as compared to 7.1% in the large-tumor group. The numbers in these four groups, however, were too small to be of statistical significance. Complete tumor removal was possible with greater frequency in patients with small tumors than in those with large tumors (86.7% and 76.8%, respectively; chi-square, p < 0.05). Similarly, complete tumor excision was possible in 85.7% of patients with a short history as compared to only 64.9% of patients with a long history. This was a highly significant difference (chi-square, p < 0.005). Duration of symptoms had no effect on recurrence rate, but tumor size had some effect, with 11.5% of patients with large tumors showing a recurrence as compared to only 4.7% of patients with smaller tumors. This difference, however, failed to reach statistical significance.
General outcome was also affected by duration of symptoms and tumor size. In the short-duration group, an excellent or good outcome was noted in 96.7% of cases, while a fair or poor outcome was noted in only 3.2%. This is significantly better than in the longduration group, which had an 88.2% excellent or good outcome and an 11.8% poor or fair outcome (chisquare, p < 0.05). Tumor size had a similar effect, with 97.7% of patients with small tumors showing an excellent or good outcome, while only 2.3% showed a fair or poor outcome. This compares favorably with patients in the large-tumor group who showed an 88.5% excellent or good outcome and an 11.5% poor or fair outcome. This just missed statistical significance by chisquare analysis.
Influence of Microsurgery
The influence of using the. operating microscope on surgical outcome was also examined, and the results are tabulated in Table 8 . Its greatest effect was in making the surgery generally safer. Mortality rate was 2.5 times as great in the earlier group as it was in the microsurgery group (7.4% and 3.0%, respectively; chisquare, p < 0.05). The one death in the microsurgery group was related to aspiration on extubation, leading to Mendelsohn's syndrome, following an uncomplicated tumor excision. Patients in the microsurgery group also had a better overall outcome with 96.9% of cases having an excellent or good result; only 3.1% of cases had a fair result. This was significantly better than the earlier group where poor or fair results were noted in 11.1% of cases (chi-square, p < 0.005). Total tumor * Excellent: no deficit, returned to usual way of life; good: minimal deficit (such as a cranial nerve palsy or seizures during follow-up period), returned to usual way of life; fair: moderate deficit such as a hemiparesis, but still independent; poor: requiring chronic nursing care.
removal was possible in a slightly greater proportion of patients in the microsurgery group (81.8%) than in the earlier group (76.5 %). This difference, however, was not statistically significant.
Recurrence was seen in only one case in the microsurgery group (3.1%), while seven cases were noted in the earlier group (11.1%). This finding, although significant, may be related to the shorter follow-up period in the former group as compared to the latter (mean follow-up period 3.6 +_ 1.9 years and 11.4 + 5.0 years, respectively). The influence of microsurgery on visual outcome was also examined, but surprisingly no significant difference in postoperative visual function could be demonstrated between the two groups.
Discussion
The early diagnosis and treatment of suprasellar meningiomas remains a challenge to the ophthalmologist and the neurosurgeon alike. Their correct diagnosis in the early stages may be extremely difficult. The onset of visual disturbance may be so subtle and progress so insidious that the patient may not become aware of his visual deficit until a severe degree of visual impairment is present. While most cases present with progressive visual failure in one or both eyes, sudden loss of visual acuity may also occur and may simulate retrobulbar neuritis.~8 The improvement of vision in these patients in response to steroid therapy may further mask the true diagnosis? An episodic course with exacerbations during pregnancy has also been reported, 2'4'~8 and was seen in one of our cases. Although, ideally, diagnosis is made early while visual loss is still at a minimum, only 18% of our cases were diagnosed with a mild degree of visual impairment. All but one patient presented with visual complaints, while abnormalities on ophthalmological examination were found in all cases. Roughly half the cases presented with monocular visual complaints but, after careful examination, two-thirds of the patients were found to have binocular involvement.
Headache was common and was seen in almost half the cases. It was most often frontal in location and late in onset. In more than one-third of cases, the headache was ipsilateral to the symptomatic eye and perhaps may be of some localizing and diagnostic value in certain cases.
Hyposmia, although an uncommon symptom, was found in nearly 24% of cases on careful examination and may, therefore, be much more prevalent than previously reported. L2'9'1~ Mental change, seen in 10% of cases, was rarely a first symptom and was usually late in onset. Motor deficits, epilepsy, and endocrine dysfunction were all exceedingly rare and, if seen, were also late in onset. Only four patients had laboratory evidence of pituitary dysfunction preoperatively and in two of these cases the tumor was found at craniotomy to have invaded the sella turcica.
In this series, air encephalography and cerebral angiography proved to be the most useful investigations in the diagnosis of these lesions, each with a 96% to 97% accuracy rate. Of the 13% of cases missed by CT scan, all were studied on first-generation machines, and it is unlikely that these lesions would have been missed on today's scanners. Despite this, we still find pneumoencephalography a useful examination and use it to define the position of the optic apparatus in relation to the tumor whenever doubt exists. We consider cerebral angiography an essential examination and find it useful in defining the blood supply of the tumor as well as its relationsip to the major vessels. On one occasion, prior knowledge of a coexisting aneurysm averted a potential intraoperative catastrophe.
We find the unilateral frontal osteoplastic approach to the optic nerves and chiasm in combination with microsurgical technique 21 very satisfactory, and prefer it to the frontotemporal approach as advocated by Poppen ~6 and Ojemann. ~4 The operating microscope has added a new dimension to neurosurgery by providing the surgeon with a superb view and full magnification in a brightly illuminated field/2 It is, therefore, possible to remove even the largest tumors safely while sparing surrounding vascular and neural structures. With meticulous dissection and controlled bipolar coagulation, it is possible to preserve the delicate superior and inferior chiasmatic plexuses that are so important to the recovery of vision. ~3 Although morbidity was common in this as well as in other reported series 1' 9 in the majority of cases complications were minor and easily treated. Some complications, such as diabetes insipidus, anosmia, and hypopituitarism requiring replacement therapy, were simply unavoidable, while other more major morbidity was due to well recognized complications of general anesthesia. Actual major morbidity secondary to the surgery itself was rare.
The mortality rate with these tumors has varied widely in the various series that have been published (Table 9) , ~'12 ranging from a low of 3% 22 to as high as 67%. 1~ Although higher mortality rates were generally reported in the older series (prior to 1970), mortality rates of 23.6% were reported as recently as 1983. 19 Despite the many reported series, few authors have looked at the influence of tumor size on surgical outcome. Jane and McKissock 7 were the first to note this and reported a mortality rate of 42% in 32 cases with tumors larger than 3 cm in size, although there were no deaths among 17 patients with tumors of less than 3 cm. Complete tumor removal was achieved in 59% of cases with small tumors as compared to 50% of cases with large tumors. Only two recurrences were noted, both in partially resected cases. Kadis, et aL, 9 reported 13 deaths among 95 patients with large tumors (> 3 cm), but no deaths were noted in 10 cases with small tumors (< 3 cm). In all cases the mortality was related to the large size of the tumor and encasement of major blood vessels. Solero, et aL, 19 reporting on 55 cases of suprasellar meningioma, noted a mortality rate of 14.8% in 27 cases with small tumors (< 4 cm) as compared to a mortality rate of 32.1% in 28 cases with large tumors (> 4 cm).
In our series we analyzed the effect of tumor size, duration of symptoms, and use of the operating microscope on surgical outcome. As in other series, tumor size affected outcome. Both the mortality rate and the recurrence rate were lower in the small-tumor group than in the large-tumor group. In addition, achievement of total tumor removal was slightly higher in the smalltumor group, and the overall outcome was also generally better.
When duration of symptoms was examined, patients with symptoms for less than 2 years fared better than those with a duration of greater than 2 years, despite equivalent average tumor size and average preoperative visual loss in the two groups. Operative mortality was lower, total removal rate higher, and overall outcome generally better in the short-duration group. There was no difference, however, in the recurrence rate.
In analyzing the effect of microsurgery on surgical outcome, a similar effect was noted. Mortality rate was lower, general outcome better, and tumor recurrence rate lower in the group with microsurgery than in the group with classical operative techniques. However, despite the beneficial effects of the operating microscope on surgical outcome, no significant effect could be demonstrated on visual outcome. The reason for this is not clear, but may be related to irreversible changes induced in the optic nerves and chiasm by long-standing tumors. Early diagnosis and treatment, therefore, remains the crucial factor in the successful management of these difficult cases.
